We present results of multifrequency polarimetric VLBA observations of 34 compact radio sources. The observations are part of a large survey undertaken to identify CSOs Observed in the Northern Sky (COINS). Compact Symmetric Objects (CSOs) are of particular interest in the study of the physics and evolution of active galaxies. Based on VLBI continuum surveys of ∼2000 compact radio sources, we have defined a sample of 52 CSOs and CSO candidates. In this paper, we identify 18 previously known CSOs, and introduce 33 new CSO candidates. We present continuum images at several frequencies and, where possible, images of the polarized flux density and spectral index distributions for the 33 new candidates and one previously known but unconfirmed source. We find evidence to support the inclusion of 10 of these condidates into the class of CSOs. Thirteen candidates, including the previously unconfirmed source, have been ruled out. Eleven sources require further investigation. The addition of the 10 new confirmed CSOs increases the size of this class of objects by 50%.
Introduction
Compact Symmetric Objects (CSOs) are compact (<1 kpc) sources with lobe emission on both sides of an active core (Wilkinson et al. 1994) . The study of these objects is of particular interest because the small size of the CSOs is thought to be attributable to the youth of the source itself (ages 10 3 -10 4 yr), rather than its confinement by a dense medium . Unifying evolutionary models have been proposed , Fanti et al. 1995 whereby these CSOs evolve into Compact Steep Spectrum (CSS) sources, and then into Fanaroff-Riley (1974) Type II objects.
Recent studies have shown that the majority of detections of Hi absorption in galaxies has been in CSOs and Steep Spectrum Core (SSC) objects (Conway 1996; , rather than core-dominated radio sources. Of the theories proposed to explain this difference, the existence of a circumnuclear disk or torus structure seems the most likely. In this scenario, it is the orientation and geometry of the sources which is the cause of the discrepancy. The core-dominated sources are oriented close to the line of sight and the jets are comprised of extremely high velocity outflow. This causes the approaching jet to be strongly Doppler boosted, while the counterjet is Doppler dimmed. In CSOs, on the other hand, most of the continuum emission is not beamed, and thus the counterjet can contain up to half of the flux density of the radio source. Obscuration by a circumnuclear torus can then be seen against this counterjet, and if the structure has a significant fraction of atomic gas, Hi absorption can be expected (Conway & Blanco 1995) . In some cases (e.g. 1946+708 -Peck, Taylor & Conway 1999 ) free-free absorption provides further evidence of a dense circumnuclear torus.
Another benefit of studying sources oriented at small angles to the plane of the sky is that in some cases jet velocities can be measured for both the jet and counterjet. Under the assumption that components are ejected simultaneously from the central engine, observations of proper motions can provide a direct measure of the distance to a source, and constraints can be placed on the value of H 0 (Taylor & Vermeulen 1997) .
Unfortunately, only a few CSOs have been studied to date. In these few CSOs, the kinematics of the atomic hydrogen seen in absorption on parsec scales is intriguing, but complicated. It is clear that a more comprehensive sample is required to fully understand the nature of the circumnuclear gas in these objects. The CSOs Observed in the Northern Sky (COINS) sample, defined in §2, is an attempt to identify a larger sample of CSOs which can be comprehensively studied using VLBI techniques. Here we identify 18 previously know CSOs, listed in Table 1 . Hi absorption studies toward several of these are currently underway, with 4 yielding published detections. Table 1 also lists 33 new and one previously known but unconfirmed, CSO candidates. In §3 we describe multi-frequency VLBI polarimetric follow-up observations of sources in the COINS sample. Results are presented in §4 and discussed in §5. Future papers will address bidirectional jet motions and free-free absorption in the COINS sample. Before Hi absorption studies can be undertaken, optical spectroscopy is required to determine the redshifts of the sources. The current status of the source redshifts, and Hi absorption studies, is given in .
Sample Selection Criteria
The class of Compact Symmetric Objects are distinguished from other compact radio sources by their high degree of symmetry. An explanation for this symmetry is that CSOs tend to lie close to the plane of the sky. For this reason, relativistic beaming plays a minor role in their observed properties, resulting in little continuum variability (Wilkinson et al. 1994) . They usually have well-defined lobes and edge-brightened hotspots on either side of an active core, often exhibiting a striking "S" shaped symmetry ). Since CSOs are rare (∼2% of compact objects, see §5), it is necessary to start with large VLBI surveys and go to moderately low flux density levels (∼100 mJy at 5 GHz) in order to obtain the 52 CSO candidates that make up the COINS sample. The sources in the COINS sample have been identified based on images in the Pearson-Readhead (PR; Pearson & Readhead 1988) , Caltech-Jodrell Bank (CJ; Polatidis et al. 1995; Taylor et al. 1994) and VLBA Calibrator (VCS; Peck & Beasley 1998) Surveys. The sources in the VCS were primarily selected from the Jodrell Bank-VLA Astrometric Survey (JVAS; Patnaik et al. 1992) .
The sources in the COINS sample are described in Table 1 . Column (1) lists the J2000 convention source name of the CSO candidate. Column (2) provides an alternate name, with those prefaced by PR or CJ indicating selection from that survey. Columns (3) and (4) list the RA and Declination of the source in J2000 coordinates, and column (5) shows the optical identification of the source.
The 19 sources chosen from the PR and CJ surveys were selected based on criteria described in Readhead et al. (1996a) and in Taylor et al. (1996a) . In brief, an initial selection of objects was made having (1) at 5 GHz a nearly equal double structure or (2) extended emission on either side of a strong unresolved component. These identifications are reasonably secure although it is possible further observations could eliminate one or two sources. The remaining 33 candidates were selected from the VCS, and the follow-up observations are described below. The VCS is an on-going project to image ∼2000 sources at 2.7 and 8.4 GHz for use as VLBI phase-reference calibrators. These sources, (in the declination −30
• to +90
• range) have been observed for ∼3 minutes at both frequencies, and the images are available on the World Wide Web at http://magnolia.nrao.edu/vlba calib/. The sources in this study were selected from images of the 1500 positive declination sources in the VCS. The CSO candidates were identified based on at least one of the following criteria: a) double structure at 2.7 GHz, 8.4 GHz or both, where "double structure" is considered to mean having two distinct components with an intensity ratio < 10 : 1; b) a strong central component with possible extended structure on both sides at one or both frequencies; c) possible edge-brightening of one or more components.
Observations and Analysis
Observations of the sources selected from the PR and CJ surveys are reported in Readhead et al. (1996) and in Taylor et al. (1996a Taylor et al. ( ,1996b . The 33 remaining candidates listed in Table 1 which were chosen from the VCS were observed as described here along with 1 candidate CSO from the CJ survey.
The followup observations were made with the 10 element VLBA and a single VLA antenna, and consisted of 2 observations of 24 hours each. The first of these took place on 1997 December 28 (1997.99) when 22 sources were observed for 15 minutes each at 8.4 GHz, and 10 of these having a peak flux >100 mJy at 8 GHz in the VCS were also observed at 15 GHz for ∼55 minutes each. The time spent on each source was divided into 7 scans which were spread out in hour angle to obtain good (u,v) coverage. The second observation took place on 1998 March 16 (1998.21). The remaining 12 candidates were observed for 15 minutes each at 8.4 GHz, and 17 candidates were also observed at 5 GHz for ∼25 minutes each. In addition, 3 weak sources, (having peak fluxes at 8 GHz <40 mJy in the VCS), as well as one source which was found to be very weak at 15 GHz and one which was found to have extended emission, were observed at 1.6 GHz for ∼25 minutes each.
At all frequencies, right and left circular polarizations were recorded using 2 bit sampling with a total bandwidth of 8 MHz. Amplitude calibration was derived using the measurements of antenna gain and system temperature recorded at each antenna, and refined using the calibrator 3C 279 (1253−055). Global fringe fitting was performed using the AIPS task FRING with the following solution intervals; 7 minutes (for the 15 GHz data), 6 minutes (8 GHz & 5 GHz), and 5 minutes (1.6 GHz). In both sets of observations, the versatile calibrator source 3C 279 was also used for bandpass calibration and polarization calibration. Following the application of all calibration solutions in AIPS, the data were averaged in frequency to a single channel. Editing, imaging and deconvolution were then performed using Difmap (Shepherd, Pearson, & Taylor 1995) . Details of each image, including the restoring beam, peak, and rms noise, are given in Tables 2 and 4 . Flux densities of the various components in each source were estimated by fitting elliptical Gaussian models to the self-calibrated visibility data using Difmap.
Results
Positive identification of CSOs is contingent upon acquiring multi-frequency observations in order to correctly identify the core of the source, which is expected to have a strongly inverted spectrum ). This eliminates any asymmetric core-jet sources in which a compact jet component might appear similar to the core component at the discovery frequency. We have attempted to pinpoint the location of the core component for each source using the criteria of (1) a flat or inverted spectrum; (2) compactness; and (3) low fractional polarization. When extended emission (jets, hot-spots or lobes) are found on both sides of the core we classify the object as a CSO. When the core component is found to be at an extreme end of the source it is rejected as a CSO, and when no core component can be reliably identified the source is retained as a candidate CSO.
Images of the sources selected from the VCS which are deemed CSOs or CSO candidates are shown in Figure 1 . Where possible, the core component has been identified with a cross. The frequency of the image shown is indicated in the upper right corner of each plot, and the beam is displayed in the lower left. Image parameters are outlined in Table 2 . The last column in Table 2 indicates which sources can most reliably be identified as CSOs. The spectral index distributions for six of the newly identified CSOs are shown in Figure 2 . Table 3 lists the flux densities of each component at all frequencies at which follow-up observations were made. Column (1) lists the J2000 convention source name of the CSO candidate. Column (2) lists each component as identified in Figure 1 . Columns (3) through (6) indicate the total flux density of each component, in mJy/beam, at 1.6, 5, 8.4, and 15 GHz respectively. The spectral indices for each component between 5 and 8.4 GHz are shown in column (7) and those between 8.4 and 15 GHz in column (8). Spectral indices between 1.6 GHz and other available frequencies were not calculated because the large differences in angular resolution and (u, v ) coverage would render the results unreliable. Upper limits on polarized flux density at 8.4 GHz are shown (in mJy/beam) in column (9).
Images of the sources which have been determined not to be CSOs are shown in Figure  3 . The frequency of the image shown is indicated in the upper right corner of each plot, and the beam is displayed in the lower left. Image parameters are outlined in Table 4 . The flux densities of the components are detailed in Table 5 , which is organized in the same manner as Table 3 above. Column (9) indicates the peak polarized flux for source components in which this was measurable, and gives an upper limit for the rest. Images of the polarized flux density in the 5 sources with significant detections are shown in Figure 4 . The polarized flux is shown in grayscale, with contours from the 8 GHz continuum image superposed.
Discussion

The Incidence of CSOs
In the surveys we find the incidence of CSOs is 7/65 (11%) in PR, 18/411 (4.4%) in PR+CJ, and ≤39/1900 (2.1%) in PR+CJ+VCS. The main difference between these samples is the parent sample flux limit at 5 GHz which goes from 1.3 Jy in PR, to 0.35 Jy in CJ to ∼100 mJy in the VCS. Although the parent VLBI samples have somewhat different selection criteria, making it difficult to assess the significance of the difference in incidence, there does appear to be a trend to a lower CSO incidence among fainter sources. Complicating matters further, however, is the fact that since both the (u, v) coverage and sensitivity of the VCS are considerably worse than the PR and CJ surveys, it is possible that some CSOs have been missed in the VCS. Data quality in the CJ survey was generally better than that from the earlier PR survey since many more telescopes were available.
Depolarization by the circumnuclear torus
Despite the fact that synchrotron emission is intrinsically polarized up to 70% (Burn 1966) , less than 0.5% fractional polarization is seen in low resolution studies of CSOs at frequencies up to 5 GHz (Pearson & Readhead 1988 . Even going to high resolution, Cawthorne et al. (1993) found less than 4 mJy of polarized flux (non-detections) at 5 GHz in the PR CSOs J0111+3906 and J2355+4950. In Table 3 we present limits on the polarized flux density at 8.4 GHz and ∼1 mas resolution for 21 CSOs and candidates in the COINS sample. In general our 3σ limits on polarized flux density are less than 1.2 mJy/beam. These correspond to typical limits on the fractional polarization of <1%, and in stronger components to as low as <0.3%. These results are in sharp contrast to the fractional polarization of 1-20% typically seen in the jets of most compact sources (see Cawthorne et al. 1993 and our Table 5 ).
One possible explanation for the low observed linear polarization from CSOs is that their radiation is depolarized as it passes through a magnetized plasma associated with the circumnuclear torus. In order to depolarize the radio emission within our 8 MHz IF at 8.4 GHz the Faraday rotation measures could be larger than 5 × 10 5 radians m −2 , or alternatively the magnetic fields in the torus could be tangled on scales smaller than the telescope beam of ∼1 mas to produce gradients of 1000 radian m −2 mas −1 or more.
Summary
From the 33 sources initially selected from the VLBA Calibrator Survey, we find 10 sources which we can securely classify as Compact Symmetric Objects. Thirteen sources, including one previously unconfirmed candidate from the CJ sample, have been ruled out based on morphology, spectral index and polarization. Eleven of the original VCS sources require further investigation.
Once the redshifts of the remaining newly identified CSOs can be determined, extensive high spatial and spectral resolution studies of the neutral hydrogen, as well as the radio continuum and ionized gas distribution, will be undertaken. A complete sample of such sources will yield unique information about accretion processes and the fueling mechanism by which these young radio galaxies might evolve into much larger FRII type sources. Future observations of CSOs identified in the COINS sample will also be used to measure bi-directional motions and employ them as cosmological probes. Studies of the hot spot advance speeds in the COINS sample should eventually yield kinematic age estimates for the sources and further advance our understanding of the evolution of radio galaxies.
Finally, it is worth mentioning that CSOs are often useful calibrators since they are compact, fairly constant in total flux density, and have very low polarized flux density.
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